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SUMIvlARY 



HesiGtance tests of a — --^slze model of the hull of 

16 

the Hughes -Kaiser cargo airplane were made in NACA tank 
no. 1, The results of these bests were required for 
estimates of the take-off perform:ance and the maxim-um 
gross load for take-off. The most recent changes in the 
form of the hull were incorporated in the model. 

At hump speeds, with the model free to trim, the 
trim and resistance v/ere high, which resulted in a load- 
resistance ratio of approximately J+.O for a gross load 
coefficient of 0,75. The addition of chine flare at the 
stern ^-^ost caused an increa^'? in positive trimming 
moments and reduced the trim, just beyond hump speed. 
The addition of fcreal^er strips on the tail extension 
caused a further reduction in ^-■1"^ trimmiing moment, 
the final load-resistance ratl'o at the hump, free to 
trim, being approxim.ately I1.6 for a gross load coeffi- 
cient of 0.75. 

The results of fixed-trim tests are presented as 
working charts. Take-of'f computations using these data, 
together with estimated aerodynamic lift and drag curves 
for the flying boat, indicate that the m.axim.um gross 
load for take-off with 16. 6-foot four-blade propellers 
is 575.000 pounds full-size, and with 1&. 5-foot foui^- 
blade propellers is ii.00,000 pounds full size. 

At a gross load corresponding to^IiOO,000 pounds 
full-size, a take-off is possible in 69 seconds over a 
distance of 56OO feet. Correcting for scale effect on 
the frictional resistance reduces the hump resistance 
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8 percent^ By triinming at the lower trim limit of sta- 
bility at h-ump speeds, the himip resistance is reduced 
ill percent. Trim for min3.mum water resistance cannot 
"be used at hump speeds because of excessive positive 
hydordynamic trimming moments and because lov;er- limit 
porpoising would be encountered. 



INTRODUCTION 

Tank tests of a -i-size :iodel of the hull of the 

lo 

Hughes -Kaiser cargo airplane v/ere made to determine the 
hydrodynamlo resistance and trimming moments over a range 
of trims, loads, and speeds that might be encountered during 
take-off» These results v/ere required for estimates of the 
take-off performance and the maxim.imi gross weight for 
take-off* 

An attempt was made to determine the resistance 

characteristics of this design by towing the ^^^^^^ 

dynamic model (NACA model I58-I) used for stability tests. 
The accuracy of those results, however, was impaired by 

v/arping of the m.odol. Earlier resistance tests of a j— -size 

model of the huJl alone were not considered adequate for 
purpose of estimating hyd.rodynamic performance inasmuch as 
the tests were not complete. In addition, modifications 
to the hull lines had been made since the construction . 

of the dynamic m.odel and the -i—size hull model. Tests of 

ho 

a new model, incorporating all the latest changes in form, 
were therefore considered advisable. This hull, designated 
NACA model I85, was deslRned and built by the Hughes 
Aircraft Comipany. 

These tests were made as a part of an extensive 
investigation requested by the Secretary of Comm.erce on 
September 28, 19i(-2, and wore made in NACA tank no. 1 
during Janu.ary and Pebruar^r 19Ml* 

DESCRIPTION OF MODEL 

Tlie lines of the hull, designated NACA model 185 , 
are shov/n in figure 1, and photographs are shown in 
figure 2. Full-size and model dimensions are given in 
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table 1, together with comparable data for the d^yTiamic 
model 158-1. 

The principal differences betv/een model 183 and the 
dynamic model 158-I are: 

(a) The forebody chines of model I65 faded out at 
station 6.25 while the chines of model 158-1 were carried 
to the forward perpendicular, 

(b) Tlie m.ain step of model 163 was auproximately 
0^75 inch (1 foot full size) farther aft than that of 
model 158-1. 

(c) The chine flare on the' afterbody was horizontal 
for model I85; whereas it was tuin-^.ed dov;n for model 158-I. 

fd) The cross sections of the tip of the tall 
extension of model l8$ were circ->ilar v:hile those of 
m.odel 158-I were approximately elliptical, figure 3. The 
height of the deck at the tip of the tall extension was . 
less for model I85 than for model 15S-I. 

(e) The diameter of the basic circle of the tail 
extension of model I83 was I8 inches while that of 
model I56-I was 16.5 inches. 

Tv/o modifications of model 185, figujpe k, were also 
tested: 

(a) Model 18J.A - The chine flare at the stern post 
v/as increased. 

(b) Model 185A-I - Breaker strips were added to the 
tail extension of model 185A. 



APPARATUS AITD PROCEDmE 



The tests were made in NACA tank no. 1 using the 
towing equipment and test proced^jre described in 
reference 1. The water in trie tank v/as at the 12-foot 
level during these tests. 



General free-to-trim tests vvere nade to speeds just 
beyond the hump. A thrust moment of 8C inch-pounds, 
corresponding to an approximate thrust of ^0 pounds 
(80,000 pounds full size), was applied to the model 
during these tests. 

Tests Yvere made over a range of fixed trims that 
Included trim for minlm.um water resistance. Enough data 
v/ere obtained to allow for change in trimming moment 
vvith possible changes in the position of the center of 
gravity or in the position of the main stepo 

^Vetted-length measurements were taken at the keel 
and chines of both the forebody and afterbody. Prom, 
these data average wetted lengths were' determined for 
use in making corrections for scale effect on the fric- 
tional resistance. 

The center of gravity for those tests v;as li+.BLi, inches 
above the keel at the step and inches I'orward of the 

step. The trim was referred to the base line, and 
m-oments tending to increase the trim were' considered 
positive . 

The aerodynamic drag of the model is included in 
the final resistance, but the windage tare of the towing 
gear has been deducted. In order to estimate that part 
of the resistance contributed by the aerodynamic drag of 
the m.odel, it was towed just clear of the vmter and the 
aerodynamic drag was measured for several trims. 

The draft and trimming moment at rest v;ere measured 
over a v;ide range of trims and loads that Included those 
obtained when a concentrated load v;as located at the bowo 

The results of the tests wore reduced to the usual 
nondimensional coefficients based on Frcude's law to 
make them independent of size. The maxim.um beam of 
forebody chine was used as the characteristic dim.ension. 
These coefficients arc defined as follows? 

0/ load coefficient f -~^) 

^ \wbV 

Cp resistance coefficient 
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Cy speed coefficient ( -~ 



Ct, trimming -moment coefficient i ■ — - 



% . L . v;e 1 1 e d - le ngth c oe f f i c 1 e nt 
draft coefficient ^ 



where 

A load on water, pounds . . ^ 

w specific weight of water, poimds per cubic foot 

(65.5 for these tests, usually taken as 6L 
for sea water) 

b maximum beam of forebody chine, feet 

R resistance, pounds 

V speed, feet per second • * 

g acceleration of gravity, 52.2 feet per second"^ 

M trimming mom.ent, pound-feet 

W^L. average wetted length, 

v/etted"le n g;th keel + v c etted-length chine ^qq-^ 

2 

d draft at main step, feet 

R^STTI.TS AND DISCUSSION 
Free -to-Trim Tests 



The results of the free-to-trlm tests of model 183 
are presented in figure 5(a) for load coefficients 
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from O.li. to 0.75- The trim did not decrease just beyond 
hump speed, which resulted in high- resistances and 
unfavorable load-resistance ratios. The spray from 
under the afterbody did not break clear of the model, 
and suction forces (sticking.) apparently developed which 
tended to produce the high trims. As the speed was 
increased, the trim decreased sharply and the tail 
extension came clear of the water. If the trim was' 
decreased by application of a bow-down mxOment at speeds 
where the sticking occurred, the model, generally tended 
to run at a lower trim, when this moment v/aa removed. 

Tests of the dynamic model indicated that the trim 
control was adequate for overcoming any forces due to 
sticking of the afterbody and tail extension. The 
circular sections of the tail cone of model I83 were 
not the sam.e as those of model I58-I, and the flow of 
v/ater over the circular sections may have contributed to 
the sticking. The chine flare at the stern post of 
model 183 was probably less effective in decreasing the 
trim than the similar flare on model I58-I. 

Increasing the chine flare at the stern post, 
model I85A, reduced the speed range over which the 
sticking occurred (fig. 5(h)). The addition of breaker 
strips on the tall extension, model iSjA-^l, further 
reduced the sticking (fig. 5(g)). The load-resistance 
ratio at the hump for a gross load coefficient of 0.75 
was k.8 for model l8^A-l as com.oared with h. .0 for 
model 183. These modifications were included in the 
test program, as possible solutions in the event that 
flow over the tail extension caused sticking at h^omp 
speeds. 



Fixed-Trim. Tests 

The results of the fixed-trim tests of model I83 
are presented as v/orking charts in figure 6. The use of 
these cha.rts is described in reference 2. The forebody 
and afterbody wetted lengths are plotted as nondimensional 
coefficients in figure 7 for speed coefficients from 1.8 
to i|.0. 

The discontinuities in the resistance data at lov; 
speeds are associated with ventilation at the main step. 
Large negative aerodynamic pitching m.oments v/ould be 
required to operate at the iov^r trims at v/hich these 
discontinuities occur . 



The discontinuities at high speeds represent the 
trims at which the model would no longer run on the fore- 
body, and the load was carried on the afterbody alone. 
The transition from planing on tlie forebody and afterbody 
surfaces to planing on the afterbody alone is accompanied 
by an .increase in negative hydrodynamic trimming moment. 
At a trim of 12^ the tests were not made at speed coeffi- 
cients greater than 5.O because tbe negative trimming 
moments exceeded the capacity of the moment springs. 

The sticking of the tail extension noted in the 
free-to-trim tests also appears to a lesser extent In 
the fixed-trim, cross plots (ilg. 6). At a speed coeffi- 
cient of 5*75 sharp i-eversal in the curves of constant 
moment coefficient was noted; For a given m-omient coef- 
ficient and load coefficient, the model may assume tv/o 
different trims corresponding to those found in the 
free-to-trim tests. 

Curves of resistance coefficient and trimming-moment 
coefficient at the trim for minimimi water resistance for 
model 183 are plotted in figure 8. The load-resistance 
ratio at hump speeds varied from. l!-.95 for a load coeffi- 
cient of 0.75 to 5.70 for a load coefficient of O.kO. 
lyarge negative trimming moments v/ould be required to 
operate at trim for minimum water resistance at hump 
speeds . 

Hodel 185A was tested at several high trims to show 
the effect of added chine flare at the stern post on the 
fixed-trim resistance and tririimlng moments; these results 
are given in figure 9. At a given trim, no appreciable 
change in the hydrodynam.ic resistance was caused by the 
addition of the chine flare, but increased bow-dovm 
mom.ents \\^ere noted. This change in hydrodynamlc mom.ent 
would reduce the trim and, therefore, the resistance. 

Model iBjA-l v/as tested at a trim of 10^ for speed 
coefficients from 3*k to i)..0. A further increase in bow- 
dovm moment was noted, but these data were Insufficient 
for inclusion in this reports 

The static properties of model 183 are given in 
figure 10 and the aerodynamic resistance of the hull 
alone is given in figure 11. 
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TAKE -OFF CALCULATIONS 
Results of tests of a ^i— .size model (impublished) 

ho 

Indicated that the excewss thrust available for accelera- 
tion over the hump was small. Both the resistance and 
thrust at h-^Jinp speeds limit the take-off performance. 
Thrust curves^ for three full-size propellers are repro- 
duced in figure 12. A comparison of these propellers is 
made in the follovving table: 



Thrust 
curve 



II 
p-iii 



Propeller 
diameter 
(ft) 



16« O 

18. S 
l8.S 



Number 

of 
blades 



Gear 
ratio 

Oo^Bl 



Activity 
factor 



80 



RPM 



Computed 
by 



. 118.5 



2700 
2700 { 
j 2700 ! 



HAC 
HAC 
MCA 



a 



Computed from data given in reference 



At hump speed, approximately 70 feet per second, the 
16 . 6-f oot-diameter propellers developed 69,500 pounds 
thrust v/hich is 15 percent lower than that developed by 
the 18. 5-f oot-diameter four -blade propellers. 

Take-off computations were made for values of the 
gross load from. 350,000 pounds to L25,000 pounds. The 
flyin.T boat v/as assumed to be free to trim to speeds 
beyond the hump and at trim for minimum water resistance 
at planing speeds. Just before take-off speed, 110 per- 
cent of stalling speed, a pull-up was m.ade in order to 
sim-ulate more closely full-size take-off. For the take- 
off computations, the aerodynamic lift and drag curves, 
without power and corrected for ground effect, were 
supplied by the Hughes Aircraft Company and are repro- 
duced in figure IjT The total resistance and aerodynainic 
drag for each of the four loads are plotted in figure 1J4., 
together with thrust curves I and III. V^'ith thrust 
curve I, a take-off at loads much ^^reater tha.n 575 , 000 pounds 
is not possible. V/ith thrust curve III, a take-off at 
loads much greater than [{.00,000 pounds is not possible. A 
llj--percent increase in thrust at the hump results in a 
7-percent increase in the maxim.ura gross load for take-off. 

Take-off tim.os and distances for three loads were 
computed using thrust curve III and the total resistance 
curves shovm in figure ll^. A typical take-off integration 
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by the graphical method, described in reference Ii. is shown 
in figure 15 for a gross load of 1+00,000 pounds. In this 
case a tine of 69 seconds over s distance of 5^00 feet is 
found necessary for take-off. The take-off time and 
distance and the excess thrust at the hump are plotted 
against load in figures 16 and 17* For a gross load of 
ij.16,000 poiinds, the total resistance at the hump is equal 
to the available thrust. 

In the preceding computat ions ^ the full-size water 
resistance was computed using Proude^s lav; and no correc- 
tion of the frictional resistance was made for scale 
effect. To determine "the effect of such a correction on 
the total resistance at hump speed, a computation was 
made for a gross load of 1^00,000 pounds using the method 
described in reference 5. Computations by this method 
do not include the effect of differences in the roughness 
of the planing surfaces of the model and the full-size 
flying boat. In figure 18 these results are compared 
with the uncorrected results using thrust curve I. A 
reduction in the hiLmp resistance of 8 percent was obtained 
by making the correction, and a take-off would just be 
possible with the 16 06-foot four-blade propellers. 

A comparison of the total resistance at hump speed 
was made assuming the airplane running free to trim, at 
trim for m.inim.um resistance, and at the estimated lower 
trim limit of stability for a gross load of 1^.00, 000 pounds . 
These results are plotted in figure I9, together v^rith the 
hydrodynamic trlmm.ing m^oments, which indicate the magni- 
tude of the negative aerodynamic pitching momicnt required 
to trim_ the airplane. Assuming adequate elevator control 
to be available, the airplane cannot be trimmied to trims 
for mlnimiJim water resistance, without encountering lower- 
li^^^it porpoising until a speed of QO feet per second is 
attained. 

A llj-percent decrease in resistance is obtained if 
the flying boat is operated at the lower trim, limxit of 
stability at the hujnp. In actual operation it is probable 
that at speeds just beyond the hump the trim, will be 
between the lower trim, limit of stability and the free- 
to- brimi cfjirve . 

A comparison of the total resistance at hump speeds 
using the following results is shown in figure 20: 
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(a) Tests of the i-.fu].l-size riodel of the hull 

16 

alone - model I83 . 

Co) Tests of tho —-full-size model of the hull 

ho 

alone - model 15?Ao 

(c) Tests of the -^-f ull~s3.ze dynamic model - 

16 

model 158-1, 

The aerodynamic lift and drag curves of figui^e 15 
and the free-to-trlm resistance with applied thrust 
mom.ent were used for computations (a) and (b)o The 
predictions of the hump resistance, as determined from, 
the three sets of data^ are in fair af:reement • 



Aerodynam.ic data were not .::;.vailable for take-off 
computations that inc].uded the olTect of propeller slip- 
stream on the aerodynam.ic lift, drag, and pitching 
m^oments. nPhe propeller slipstream would Increase the 
aerodynamac lift v/hich wo;ld therefore decrease the load 
on the v;ator and the water resistances. The propeller 
slipstreami would increase the aerodynamic drag which 
would reduce the advantage gained by the decrease in 
load on the water • The use of aerodynam.ic data that 
include the effect of power v/ould, in all probability, 
result in a net reduction in the hiunp resistance, but 
the prediction of take-off perform.ance would be less 
conservative o The use of power-off aerodynamic data in 
take-off calculations for smaller flying boats has been 
satisfactory, hov^ever, and, until further correlation 
between model and full-size take-off performance is 
available, it is believed that the more conservative 
results obtained from computations using power-off data 
should be used. 



CONCLUSIONS 



1. The tail extension of model I83 did not break 
clear of the water at hum.p speeds when tested free to 
trim... This resulted in high trrms, and the load- 
resistance ratio at hum.p speeds was approximately i+.O 
for a gross load coefficient of Oo75. 
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2.^ Increasing the chine flare at the stern loost^ 
model IcjA, caused a reduction in the positive trimming 
moments and caused .the tail extension to break clear of 
the water at lower speeds than was foiind for model I85. 

5 c The addition of breaker strips, on. the tail 
extension of model iSjA, model 185A-I, caused a further 
reduction in positive trimming moments. The load- 
resistance ratio at hump speedS; when free to trim, was 
approximately I^.S for a gross load coefficient of' 0.75* 

At trim for minimum water resistance for 
model 185 5 the load-resistance ratio at hiunp speeds was 
approximately 1|..95 for a gross load coefficient of 0,75 . 
Large negative aerodynamic pitching mom.ents would be 
required to operate at trimx for minimixm water resistance 
at hump speeds. 

5. '''ith the 16.6-foot foLir -blade propellers, a 
take-off could not be made at a gross load much /greater 
than 375.000 pounds full size. ^.7ith the 18. 5-foot four- 
blade propellers, a take-off could not be m.ade at a 
gross load m.uch greater than [;00,000 pounds full size. 

A take-off time of 69 seconds over a distance of 560O 
feet was found necessary for a take-off at liOO,000 pounds 
full size. A ll|-porcent increase in thrust at the hump 
results in a 7-P^^cent increase in the maximum gross load 
for take-off. 

6. A correction for scale effect on the frictional 
resistance for a gross load of [}-00,000 pounds full size, 
decreased the hump resistance approximately 8 percent. 

7 0 It V70uld not be possible to use trim for minimum 
water resistance at hump speeds during a take-off because 
of excessive hydrodynamic moments and because lov;er-limit 
porpoising would be encountered. 

8. A take-off made following the lov;er trim limit 
of stability results in a ll^-percent reduction in hump 
resistance when compared with a take-off free to trim. 
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9. The predictions of hump resistance using data 
obtained from tests of a ~ — size model of the hull alone, 
tests of a —-size model of the hull alone, and tests of 
i^-size dynamic model of the flying Doat are in fair 



a 

16 

agreement . 
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TABLE I 



Hull Dimensions 



Piall Size Model 183 Model I58-I 



Maximvj-:! 'beam, at chines . . 22.0 ft 
Length of fcrebody 

(how to step) 80.8 ft 

Length of afterbody 

(step to stern post) . . 51.0 ft 

Length of tail extension . 87. 0 ft 

Length, over all 21. 75 ft 

Depth of step at keel ... 2.6 ft 

Depth of step, mean .... 2.0 ft 
Angle of deadrise at 

step, excluding 

chine flare 20 deg 

Angle of deadrise at 
step, including 

chine flare ...... 18 deg 

Angle of forehody keel . . 2 ceg 

Angle of afterbody keel . . 5 deg 
Angle between keel lines 

at step 7 deg 

Normal gross load . . . [;.00,000 lb 
Center of gravity 

forward of step . . . . 6.59 ft 
Center of gravity 

above keel at step . . . I9.8 ft 



16.5 in. 

60.6 in. 

37.28 in. 
65.21 in. 
163.09 in. 

1,5 i^'^ • 
1.5 in. 

20 deg 

18 deg 
2 deg 
5 deg 

7 deg 
97.5 1^ 

h'9h in. 

ih.Qh in. 



16.5 in. 

59.88 in. 

58.0 in. 

66.12 in. 

16k-. 0 in. 

1.5 in. 

1.5 in. 

20 deg 

18 deg 

2 deg 
5 deg 

7 deg 
97.5 It 

5.76 in. 
ll|.81^. in. 
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Figure I . - Model 183,1 mcs of hull. 
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Three -fourths bow. 





Three -fourths stern. 




Side Plan 
Figure 2.- Model 183. Photographs of hull. 




FIGURES.- MODELS 183 AND 158-1 .COMPARISON OF 
BODY PLANS OF THE TAIL EXTENSION. 



MODEL I83A-I 




FIGUPE 4.- MODELS 183 A AND 183 A- 1 . GENERAL ARRANGEMENT 
OF AFTERBODY AND TAIL EXTENSION. 






with 60 inch -pounds thrust moment applied. 
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